A Black f a m i l y i s described i n which Hb S, Hb G-Philadelphia and a -t h a lassemia-2 determinants occurred i n d i f f e r e n t combinations. The propositus was a healthy f u l l t e r m neonate who had 462 Hb G-Philadelphia and about 5% Hb B a r t ' s i n cord blood together w i t h a r e l a t i v e microcytosis (MCV = 85 f l ) and hypochromia (MCH = 28 pg). This i s consistent w i t h a diagnosis b f Hb G-Philadelphia t r a i t i n a s s o c i a t i o n w i t h a homozyqous a-thalassemia-2 (nOa/aOaG; B~/ B A ) . The mother and another son a l s o had Hb G-Philadelphia i n a s s o c i a t i o n w i t h Hb S t r a i t but w i t h 371 Hb G-Philadelphia and w i t h 394 Hb 5. Hematologic a l and b i o s y n t h e t i c studies confirm the ass1 nment o f the a n~n %~; gA/gS genotype i n both and t h a t o f the an/a0n; B A / R~ genotype i n the f a t h e r . Des p i t e t h i s evidence f o r a moderate u chain d e f i c i e n c y i n the propositus, the b i o s y n t h e t i c a /~o n -a value i n the neonatal p e r i o d was a high 1.2. S i m i l a r values were observed i n 8 c o n t r o l cord blood samples if the incubation was not delayed longer than 3 hours a f t e r c o l l e c t i o n (nlnon-m = 1.28 + 0.14). When the propositus was studied again. but a t s i x months of age, the p r o p o r t i o n of Hb G-Philadelphia i n peripheral blood was unchanged, a marked microcytosis and hypochromia were observed, and a d i s t i n c t deficiency of a chain synthesis (a/non-a = 0.56) was present.
SUMMARY
A Black f a m i l y i s described i n which Hb S, Hb G-Philadelphia and a -t h a lassemia-2 determinants occurred i n d i f f e r e n t combinations. The propositus was a healthy f u l l t e r m neonate who had 462 Hb G-Philadelphia and about 5% Hb B a r t ' s i n cord blood together w i t h a r e l a t i v e microcytosis (MCV = 85 f l ) and hypochromia (MCH = 28 pg). This i s consistent w i t h a diagnosis b f Hb G-Philadelphia t r a i t i n a s s o c i a t i o n w i t h a homozyqous a-thalassemia-2 (nOa/aOaG; B~/ B A ) . The mother and another son a l s o had Hb G-Philadelphia i n a s s o c i a t i o n w i t h Hb S t r a i t but w i t h 371 Hb G-Philadelphia and w i t h 394 Hb 5. Hematologic a l and b i o s y n t h e t i c studies confirm the ass1 nment o f the a n~n %~; gA/gS genotype i n both and t h a t o f the an/a0n; B A / R~ genotype i n the f a t h e r . Des p i t e t h i s evidence f o r a moderate u chain d e f i c i e n c y i n the propositus, the b i o s y n t h e t i c a /~o n -a value i n the neonatal p e r i o d was a high 1.2. S i m i l a r values were observed i n 8 c o n t r o l cord blood samples if the incubation was not delayed longer than 3 hours a f t e r c o l l e c t i o n (nlnon-m = 1.28 + 0.14). When the propositus was studied again. but a t s i x months of age, the p r o p o r t i o n of Hb G-Philadelphia i n peripheral blood was unchanged, a marked microcytosis and hypochromia were observed, and a d i s t i n c t deficiency of a chain synthesis (a/non-a = 0.56) was present.
The occurrence o f a decreased number o f a c t i v e a chain qenes due t o the i n h e r i t a n c e of a-thalassemia-2 determinants causes the p r o p o r t i o n o f the a chain v a r i a n t Hb G-Philadelphia t o increase and the p r o p o r t i o n o f t h e 13 chain v a r i a n t Hb S t o decrease. Thus, t h e l e v e l s of these two abnormal hemoglobins help t o define the number o f a c t i v e a chain genes and the occurrence o f athalassemia. Despite the existence of a moderate n chain deficiency, t h e f a i l u r e t o detect any decreased i n v i t r o synthesis of a chains i n t h i s neonate as w e l l as the f i n d i n g o f e x c e s s 7 T e 7 K T i t r o a chain synthesis i n normal neonates suggest t h a t during the t r a n s i n of e t a l t o a d u l t type of e r y t h r opoiesis, t h e synthesis of y chains may d e c l i n e more r a p i d l y than t h a t of a chains before the synthesis of @ chains i s established.
The occurrence of enotypes w i t h four (normal; na/aa), three (n-thalas-9 semia-2 heterozygote; a n/aa) o r two (n-thalassemia-2 homozyqote; aOa/aOir) a c t i v e a chain genes o f human hemoglobin (Hb) amonq Black Americans has been associated w i t h correspondinql d e c r e a y d MCV and MCH values. decreased nlnon-n i n v i t r o synthesis r a t i o s (2.8!, zero, low' ( l e s s than 2%) o r ' h i g h ' (up t o -5 4 , ) x l s o f Hb B a r t ' s ( y $ ) i n cord blood (2). a t r i m o d a l i t y i n t h e concent r a t i o n of c e r t a i n fi chain v a r i a n t s such as Hb 5, Hb C and Hb L e s l i e i n heterozygotes (12). and a v a r i a b l e modal d i s t r i b u t i o n i n t h e p r o p o r t i o n o f n chain v a r i a n t s i n heterozygotes (4.6.15) . I t has a l s o been shown t h a t t h i s type of h e r e d i t a r y deficiency of rr chain synthesis a l t e r s the post-translat i o n a l i n t e r a c t i o n between nascent chains uch as t o 'nfluence t h e i r assembly i n t o asymnetr c dimers o f t e type aA@, aXBx, o r nxBA ( 1 6 17) . The i n v i t r o assembly o f fii, C and g~e s l l e chains i n t o aA@X dimers is'dhninished c K p X t o t h a t of t h e f31 chains (1.17) .
Thus, the concomitant occurrence o f an ilthalassemia p r o m t e s the production o f Hb A over t h a t of the R chain v a r i a n t s Hb S. Hb C and Hb L e s l i e i n heterozygotes (7.12) .
The n chains o f v a r i a n t s such as Hb St. Luke's and Hb G-Georqia and, t o a l e s s e r extent. Hh Montg e r y f a i l t o form dimers w i t h normal chains as e f f i c i e n t l y as the normal lrp chains (6) . However, when an a-thalassemia and an n chain v a r i a n t occur t ogether, t h e r e l a t i v e production o f the Hb v a r i a n t i s increased over t h a t o f Hb A because t h e synthesis o f normal nA chains i s decreased (6.15) .
These considerations imply t h a t an e v a l u a t i o n o f the concentration o f a chain v a r i a n t s and o f c e r t a i n P chain v a r i a n t s together w i t h hematological parameters can help define t h e number of a c t i v e a chain genes i n heterozygotes. This was aqain demonstrated when the production o f Hb B a r t ' s , Hb S and Hb GPhiladelphia was evaluated i n some members o f a Black family, i n c l u d i n g a neonate. i n which a-thalassemia-2, Hb S and Hb G-Philadelphia t r a i t s occurred i n d i f f e r e n t combinations. I n v i t r o chain synthesis data on a blood sample of the neonate were c o m p a r e d T i t h o s e of 17 normal newborn.
MATERIALS AND METHODS

A l l samples were c o l l e c t e d w i t h EOTA as anticoagulant. Informed consent was obtained p r i o r t o c o l l e c t i o n . Hematolooical i n d i c e s were obtained w i t h a
Coulter counter Model S c e l l counter. Other hematological data were obtained by standard procedures (18) .
Red c e l l hemolysates were analyzed by s b r c h qel electronhoresis and by DEAE-cellulose chromatography. Hb B a r t ' s i n cord blood was quantitated hy CMc e l l u l o s e chromatography using B i s -T r i s developers. For d e t a i l s of these methods, see r e f . 13. The hemoqlobin v a r i a n t was i d e n t i f i e d hy a radioimnunol o g i c a l procedure. and data were k i n d l y provided hy Or. F. Garver (11) . R e t i c u l o c y t e r i c h f r a c t i o n s o f peripheral blood c o l l e c t e d from a d u l t s were prepared f o r i n v i t r o b i o s y n t h e t i c studies by isopycnic c e n t r i f u q a t i o n on a Ficoll-Renograffin gradient ( 5 ) . Cord blood samples were not enriched. The c e l l s were washed e x t e n s i v e l y w i t h c o l d NKM s o l u t i o n (NaCI: 8.18 q / l , KCl: 0.37 g / l , tigC12.6H 0. 1 42 q l l ) , and next incubated f o r 2 hours w i t h ' Yleucine, as d e s c r i i e d before (13). A l i q u o t s were taken a t e a r l i e r times as i n d i c a t e d l a t e r . Globin was made from whole c e l l l y s a t e s by p r e c i p i t a t i o n w i t h a c i d acetone and analyzed by chromatographv on columns of CM-cellulose (Whatman CM 52) developed w i t h R-mercaptoethanol-phosphate-urea b u f f e r s (13). A l i q u o t s of the efflllent f r a c t i o n s were assayed by R-spectrometry. The synt h e s i s r a t i o s were c a l c u l a t e d from the t o t a l counts per minute detected i n each Hb chain zone. These b i o s y n t h e t i c analyses were done on samples from the propositus, members of h i s family, and on cord blood samples from 17 normal babies.
RESULTS
The propositus was a healthy male f u l l t e r m baby weighing 2800 g. He was d e l i v e r e d v a q i n a l l y a f t e r an uncomplicated pregnancy. His cord blood was analyzed as p a r t of a r o u t i n e t e s t i n q program conducted hy the S i c k l e C e l l Center.
A slow-moving Hb v a r i a n t which comprised about 50% of t o t a l Hb was noted by s t a r c h gel electrophoresis and a "high" amount of Hb R a r t ' s (approx. 5") was a l s o present. The v a r i a n t was imnunoloqicallv i d e n t i f i e d as Hb G-Philadelphia o r n268Asn*Lys P2 ( 3 ) . Hematoloqical values and hemoglobin composition data f o r samples from the propositus and h i s r e l a t i v e s a r e qiven i n Table 1 . The propositus had lower MCV and MCH values than t h e other neonates without Hb B a r t ' s i n cord blood. Hb B a r t ' s was q u a n t i t a t e d by two procedures. A r a t h e r low value of 2.2% was obtained by OEAE-cellulose chromatography from which Hb B a r t ' s e l u t e s l a s t and about 48 hours a f t e r t h e s t a r t of t h e chrunatoqraphic experiment. The more r a p i d procedure using CM-cellulose chromatography and B i s -T r i s developers qave a hiqher value of 6.7% i n aqreement w i t h the semiq u a n t i t a t i v e estimate made by v i s u a l i n s p e c t i o n of the s t a r c h gel electrophor e s i s .
The same cx chain v a r i a n t was detected i n the propositus' mother who a l s o had Hb 5. Her hematological values were n e a r l y normal. The p r o p o r t i o n o f Hb G-Philadelphia was 36% and t h a t o f Hb S was 38%. The propositus' brother had the same c o n d i t i o n as the mother, and the proportions of Hb G-Philadelphia and of Hb S were a l s o about the same. The f a t h e r lacked hematological abnormalit i e s and o n l y t h e normal hemoglobins A and A2 were detected.
The r e s u l t s of i n v i t r o b i o s y n t h e t i c analyses are sumnarized i n Table 2 . When f i r s t studied a t t h e e of one day. t h e propositus had a/non-a values of about 1.20 both a t 20 and 120 min of incubation. The p r o p o r t i o n o f r a d i o a c t iv i t y i n the aG chains wac equal t o t h e concentration of Hb G-Philadelphia i n t h e hemolysate. A l a r g e r excess of a chain synthesis was observed i n samples from e i h t normal neonates which were incubated w i t h i n a s h o r t time ( l e s s than 3 hours7 from d e l i v e r y as was done f o r the sample from the propositus. The . imbalance i n these samples was s l i q h t l y m i l d e r a t 120 min (olnon-a = 1.28 + 0.14 (S.D.)) than a t 5 min (a/non-n = 1.37 r 0.18 (S.D.)) of incubation. The samples whose incubation had been delayed f o r an average of 17 t 4 h r s (range 12-22 h r s ) gave lower alnon-a values ( a t 120 min nlnon-n = 1.03 t 0.14 (S.D.) n = 9 ) . Moreover, the i n c o r p o r a t i o n o f r a d i o a c t i v i t v i n hemoolobin was decreased t o t h e extent t h a t o n l y four o u t of nine experiments i a v e an acceptable uptake of "C-leucine a f t e r 5 min of incubation.
The propositus was studied again a t t h e aqe of s i x months. The proport i o n of Hb G-Philadelphia was unchanged (48.7%). Hb F was 1.6%. Hb B a r t ' s was absent, and Hb H was not detectable. The MCV and MCH had declined t o values lower than those of both parents. Following incubation o f the peripheral blood r e t i c u l o c y t e s f o r 120 min, a d i s t i n c t deficiency of a chain synthesis ( a h o n -a = 0.56) was observed. The p r o p o r t i o n o f aG r a d i o a c t i v i t y , i n cont r a s t , remained unchanged (aG .100/total n = 482). No y chain r a d i o a c t i v i t y was present.
The parents had a/non-a values o f 0.72-0.75 (Table 2 ) which i s i n d i c a t i v e of a m i l d e r a chain deficiency than present i n t h e propositus. Synthesis studies on blood from the propositus' brother were unsuccessful.
DISCUSSION
The i n v i t r o b i o s y n t h e t i c data and the e r y t h r o c y t i c i n d i c e s e s t a b l i s h the d i a g n o s i s~f F € b a l a s s e m i a -2 t r a i t i n the parents of the proposItus, i.e. each had 3 a c t i v e
chain genes. I n the mother and i n t h e brother, one a chain gene i s l a b e l l e d by the Hb G-Philadelphia mutation. As expected. t h i s gene produces one t h i r d o f a l l a chains. Roth persons a r e Hb S h terozy o t s Hence. the mother as w e l l as the brother can be assi ned the aOnff/na; ,?,I/,?,! 4enotype. w h i l e the f a t h e r i s assigned the aOn/nrr; R A / B~ genotype.
The high q u a n t i t i e s (approx. 5%) of Hb B a r t ' s i n cord blood. t h e higher p r o p o r t i o n of Hb G-Philadelphia and the low i n v i t r o alnon-a synthesis r a t i o a t s i x months of age are consistent w i t h t h e 7 i a g n o s i s of hmozygous a-thalassemia-2 i n a s s o c i a t i o n w i t h Hb G-Philadelphia t r a i t i n the propositus. i . e . the aOaG/aOa; $I$ genotype. One a-thalassemia-2 determinant has been i nh e r i t e d from the father. The other must have been i n h r i t e d from h i s mother i n linkage w i t h Hb G-Philadelphia t r a i t , i . e . t h e ( n o a g l ) haplotype. Linkage between n-thalassemia-2 and Hb G-Philadelphia i s known t o occur among the Black population of the Southeastern USA (6.15) .
The p r o p o r t i o n o f Hb G -P h i l a d~l p h i a i n heterozygotes can vary according t o the number o f a c t i v e a chain genes on t h e locus i n t r a n s (4.6.15) . I n the propositus there i s o n l y one a c t i v e a chain gene i n i r f i o the annG locus and the output of aG chains should be about 50% ayobserved. There a r e two normal a genes i n t r a n s t o the aonG locus i n the mother and the brother who have about 37% % M l a d e l p h i a i n peripheral blood. The presence o f three r a t h e r than four a c t i v e n chain genes r e s u l t s i n Hb S l e v e l s below 402 (39.52 i n the mother and 38% i n the b r o t h e r ) . There i s an inverse c o r r e l a t i o n between the percentage of Hb G-Philadelphia and Hb S when these occur together i n heterozygotes (6) . Thus. when the number o f a c t i v e 11 chain genes i s decreased, the p r o p o r t i o n of Hb G-Philadelphia i s increased, but t h a t o f Hb S i s decreased.
Although a l l other data i n d i c a t e t h a t t h e propositus has o n l y two a c t i v e a chain genes. t h e i z chain deficiency could not be detected by a n a l y s i s of i n v i t r o Hb chain synthesis i n the neonatal period. A t b i r t h , t h e r a t i o of cr 5 non-a chains was about 1.2. It declined t o 0.57 by s i x months of age. I n fact, many other (normal) newborn had a r a t h e r s i m i l a r degree o f imbalanced synthesis (o/non-a: 1.28) by r e t i c u l o c y t e s and e r y t h r o b l a s t s i n t h e i r cord blood. The imbalance was not detectable if the incubation was delayed longer than 3 hours a f t e r c o l l e c t i o n of the sample. Variable synthesis data have been obtained by others i n cord blood (9.10.14).
Gahr e t a l . found an i ncreased production o f y chains i n i n f a n t s a f t e r e x c h a n g~t~n s f u s i o n (16) . However, the n/non-u values were balanced i n s t r m a -f r e e m a t e r i a l prepared from incubated cord blood of normal neonates (10). It i s possible t h a t i n these cases the excess of nascent it chains was removed together w i t h the stroma.
The reason f o r the observed imbalance i s not e n t i r e l y c l e a r . Neither a k i n e t i c study nor t h e ylnon-n values o f f e r a d e f i n i t i v e explanation. However, i t seems reasonable t o assume t h a t d u r i n l the t r a n s i t i o n from f e t a l t o a d u l t e r y t h r o p o i e s i s the t r a n s c r i p t i o n a l o r t r a n s l a t i o n a l r e g u l a t i o n of n chain synt h e s i s i s modified so t h a t t h e production of Hb chains decreases t o mature l e v e l s i n the post-natal period. I t i s possible f o r the t r a n s l a t i o n of ymRNA t o d e c l i n e during t h e maturation o f e r y t h r o b l a s t s o r t h a t the ymRNA may he un2hh stable. Indeed, t h e production o f a and y chains i n t h e neonatal period may d e c l i n e a t d i s s i m i l a r r a t e s before B chain synthesis becomes established (19) . same.
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